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NATIONAL ADVISORY C O M N I T T S E  FOR A3ROKAT2TICS 

Fi23 DETmiGIEING THE $ I D B L I P  C E A R A C T E R I Y T i C S  

OF A FIGEYER AIRPLANG 

By H s r o l d  I. Johnson 

In  order  t o  de te rn ine  the  vn , l fd i tg  r,f s i d e s l i p  d a t a  
obtained 2.n f l i # h t  by the  contir?_uo1.is-recora method, s ide -  
slip data obtained from n f i g h t e r  s i r p l a n e  i n  slowly 
increF.sing s i d e s l i p s  have been compsred with s i d e s l l p  
da t a  obtained froK the  sane airplane i n  s i d e s l i p s  i n  which 
a l l  t h e  f l i g h t  condi t ions were s t ab5 l i zed .  The r e s u l t s  
o f  the c o r n p e r i s m  shcas'd no essen-Lfal dff ' ference i n  the 
sidesli.? c h s r a c t e r l s t i c s  obtained by the  t,wo f l i g h + ,  
techniques even t'!?Oi-gh the  continuous s i d e s l i p s  were 
p u ~ ~ : ~ o s e l y  executed witn a yawir.g ve loc iky  o b o u t  double 
the  usxal r r t e  of 10 p e r  second i n  order  t o  accent-ia. te 
the  e f f e c t s  or" the  S r i a l l  yawing and r c l l k g  v e l o c i t i e s  
i nhe ren t  in the  method. ipyroxfma-Le t h e o r e t i c a l  calcu- 
l a t i o n s  confirmed t he  e q e r f m e n t a l  r e s u l t s  but i n d i c a t e d  
t h a t  r a t e s  of  yawing cr r o l l i n g .  lower than  lo per  second 
are d e s f r e b l e  i f  the continuous-sideslfg teclvniqua i s  
empl-oyed i n  t e s t i n g  eir ;? lenes  much l e r g e r  than  cu r ren t  
f f g h t e r s .  T h s  xethoci of xeasur i r ig  s i d e s l i p  c h a r a c t e r i s t i c s  
under s t e ~ d y  condi t ions  is g r e f e r r e d  t o  th.3 nethod of 
me a s  1i.r i ng s I dz s 1 i p c hs r' a c t e r i s t i c s in s 1 ow 1 y i nc r e a s  i ng 
s i d e s l i p s  when the  nPrp1a.n.e i s  d i r e c t f o n d l y  unst  a l e ,  
when i t  has a i r r g e  p i t c h i n g  ilioiir=nt ciue t o  sideslip, o r  
when 2. poor re1;Ttionshj.p e x i s t s  zx~ong the rudder, %ile ron ,  
End e l e v a t o r  cor , t rol  forciss i n  sideslips. 

I bTRQ DUC T' I 0 N 

Fro!!i tinz:: t c  t i x e  questions h9v.c a r l s e n  conce:.ning 
t h e  v a l i d ?  t g  of d a t n  on sideslip c h w a c t a r i s t i c s  obteined 
by the continuous-record rnethod as d i f f z r e n t i a t e d  from 
t h e  u s u a l  s tesdy-record ::iethod. The m u a l  flight technique 
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for measuring s i d e s l i p  C h a r a c t e r i s t i c s  c o n s i s t s  i n  t ak ing  
records of c o n t r o l  fo rces  and angles under s teady  ccndi- 
t i o n s  o f  a i rspeed,  heading, angle o f  bank, and angle of 
s i d e s l i p ,  a t  var ious a t t i t u d e s  of the  a i rp l ane  wi th in  t h e  
s i d e s l i p  range t o  be covered. Although t h i s  method of 
t e s t i n g  obvioaslg y i e l d s  the  des i r ed  r e s u l t s ,  it i s  
uneconomical with regard  t o  f l i g h t  and instrument t ime 
consmed because only a r e l a t i v e l y  l i m i t e d  number of runs 
can be obtained i n  any one f l ieht.  I n  order  t o  speed up 
t h e  t e s t  p r o g r m  m a t e r i s l l y ,  s i d e s l i p  c h a r a c t e r i s t i c s  have 
o f t e n  besn determined by the continuous-record method. 
T h i s  Kethod c o n s i s t s  i n  switching the recording instruments  
on a t  l a c e r e l l y  l e v e l  f l i g h t  t r i n  and then  slowly moving 
the  three  con t ro l s  togetl-ier i n  such E. wsy as t o  maintain 
constant a i rsgeed and hecding while c m s i n g  the  angle of 
siciesl-ig o r  bank t o  increase  a t  a slow r a t e  (no t  exceeding 
lo ?er s e c )  u n t i l  one of' the  con t ro l s  i s  f u l l y  de f l ec t ed ,  
o r  high con t ro l  fo rces  o r  o the r  liniitELtions are reached - 
a t  which time the  ins t r iments  are  switched o f f .  The 
r e s u l t i n g  d a t a  are hslndled under t h e  assumption t h a t  the 
v a r i s b l e s  neasured a t  any DErticulGr i n s t r n t  during t h e  
maneuver represent  t he  s tesdy  s i d e s l i p  velues.  The error 
of t h i s  essurrqtion, of course,  lfes i n  t he  neglec t  of t he  
s m a l l  increment21 c o n t r o l  fo rces  and d e f l e c t i o n s  r equ i r ed  
t o  maintain the small  angular v e l o c i t i e s  of the a i rp lane  
during t h e  s i d e s l i p p i n g  Kaneuver. 

DESCRIPTION OF TESTS 

In order  t o  i n v e s t i g a t e  the  m a p i t u d e  02 t he  e r r o r  
involved i n  the continuous-record technique for determining 
s i d e s l i 9  c h a r a c t s r i s t i c s ,  f l igh t  t e s t s  were made wi th  a 
cur ren t  f i gh te r - type  a i rp l ane  ( f i g .  1) and s i d e s l i p  d a t a  
were recorded during the  t e s t s  by both t h e  s teady-record 
and the continuous-record techniques.  S i d e s l i p  records 
were taken s t  i nd ica t ed  airspeeds of 152 f 3 miles  pe r  
hour with normal r a t e d  yower a t  about 5000 f e e t  a l t i t u d e .  
The s l o w l y  i nc reas ing  s i d e s l i p s  were purposely executed 
w i t h  a yawing v e l o c i t y  about doubls t he  usua3. r a t e  i n  
order  t o  a c c e n t x h  the d i f fe rences  b3ttveen the  results 
obtained by tha steady-record and continuous-record 
tech.niques. All con t ro l  pos i t i ons  were measul-ed a t  t h e  
con t ro l  su r f aces  and tile c o n t r o l  f o r c e s  wsre measured a t  
t he  s t i c k  aiid rudder peda ls ,  
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Resul ts  of tne  t e s t s  are shown i n  f i g u r e  2. These 
r e s u l t s  f n d i c r t e  t h a t  very l f t t l e  error i s  incur red  i n  
s i d e s l i p - c h a r a c t e r i s t i c s  d a t a  becaase of t h e  use of t he  
continuous-record metn3d. As would bs exFscked, the t e s t  
p o i n t s  obtained f rom t h e  continuous records,  when compared 
w i t h  t h e  t e s t  p o i n t s  frorr: the  steadg- reccrads, gexierally 
i n d i c a t e  t h z t  s l i g h t l y  grieater rudder- and a i le ron-angle  
and. cont ro l - force  diffex2ences froxi t h e  vRlues corres;2onding 
t o  l a t e r a l l y  l e v e l  f l i g h t  t r ia  w e  r equ i r ed  for a given 
sideslip anqle.  'The s l i g h t  d i scon t inu i ty  t h a t  appews i n  
the curves Tihere t h e  d2rec t ion  OF s i d e s l i p 2 i n F  i s  reversed  
i s  p c r t l y  the  r e s u l t  of the c o c t r o i  d e f l e c t i o n s  and fo rces  
r equ i r ed  t o  acce le ra t s  the  airFlane from s t seby  i ' l igh t  t o  
t he  condi t ion  of sri i~ll  ar.iforrx yawfng and r o l l i n g  veloc- 
ities. Control f r i c t i D n  a l s o  col?trib?.ntes t o  the  discon- 
t f n u i t y  i n  the con t r c l - f c rce  curvss .  Inasmuch a s  the 
continuous records o r  f':Lgupe 2 w a ~ e  obtelned for a yawing 
ve1ccit .y a p s r c x i m t e l y  twice as g r e a t  8s t he  recomended 
xaxiinurn r a t e  f o r  f i gh te r - typa  s i q l z n e s  (lo s r d e s l i p  ;ser 
sec  a t  low a i r speeds ) ,  i t  becomes ev ident  t h e t , f o r  the  
s i z e  and f l i g h t  speed of t h e  & ? p l e n e  t e s t e d ,  the dis- 
crepancy t o  be expected between s i d e s l i r  d a t a  obtained 
by the two nethods i s  wi th in  the s c a t t e r  t o  be expected 
f r o n  success ive ly  repsa ted  t e s t s  nade by e i t h e r  of t he  
methods. 

Approximate t h e o r e t i c a l  ce l cu l s t fons  have been made 
of t,he v a . r i a t l . c n  of rudder-angle and to t a l - a l l e ron - sng le  
e r r @ r s  with se rv ice  ind ica t ed  airspeed f'oy t h e  same 
f i g h t e r  o i rp lane  i n  slowly increas ing  s i d e s l i p s .  Only 
t h e  t w o  m o s t  importent yawing o r  r o l l i n g  d e r i v a t i v e s  were 
considered i n  c a l c u l a t i n g  the  radder o r  a i l e r o n  e r r o r ,  
r e spec t ive lv .  For the  rcdder-angle error, thes3  der iv-  
a t i v e s  Ere t h e  r a t e  of change 01' eirplor ie  yawing-moment 
c o e f f i c i e n t  with yFwing ve loc i ty  dus t o  the  v e r t i c a l  t a i l  
and thr3 r a t b e  of chengo o f  yat';ing-n:ormnt c o e f f i c i e n t  with 
rolling v s l o c i t y  due t o  t h e  wing. For the t o t a l - a i l e r o n -  
angle e r r o r ,  these de r ive t ives  include t h e  v a r i a t i o n  o f  
wing rolliri;S-rm:nent coei'f i c i e n t  w i t h  rolling ve loc i ty  and 
t h e  varaiatiori of wing rolling-moment c o e f f i c i e n t  x i t h  
yawing ve loc i ty .  Valuas f c r  the wring d e r i v s t i v e s  were 
detei?m:ntsd f r o m  the clzarts of rsfcrence 1. V e r t i c s l - t a i l  
e f f e c t i v e n e s s  was e s t i rw ted  f r o m  re ference  2. Aileron 
e7fectfvenesF. was  ot-?ta!.ned frcm i,-;\revious f l i g h t  t e s t s  on 
the same a i r a l e n e  2nd f rom the  t h e o r e t i c a l  c h a r t s  of 
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than  cu r ren t  f i g h t e r  types (span, approximately 40 f t ;  
v e r t i c a l - t a i l  l enz tk ,  spproxfmataly 20 f t ) ,  t he  m i x i m u m  
a l loxable  r a t e s  of' gswing o r  rolling $robably should be 
reduced belox the 1 ne17 second 1Lrd . t  recornmended herein.  

It i s  d e s i r s b l e  t o  use the s+,eedy method f o r  
nieesuring s i d e s l i p  c h a r a c t e r l s t i c s  f o r  any f l i g h t  COL- 
d i t i o n  il' thn, r e l a t i o n s h i p  among t h e  var ious c o n t r o l  
f o r c e s  i s  goor ,  i f  the  s.irT)iane i s  d i r e c t i o n a l l y  uns tab le ,  
o r  i f  t k e r e  i s  a i s r g e  p i tch ing  inonient due t o  s i d e s l i p  
p-esent. Then none o f  these object ionable  cocd l t i cns  
a re  p ra sen t  and when coct inuous-rscordfng i n s t r u i e n t s  
a m  ava i l ab le ,  the, colitinuoiis-recorcl method for dsterminiiig 
s i d e s l i p  c 5 a r a c t e r i s t i c s  can be used advantageously t o  
save -time i n  f l i g h t  t e s t i n g .  

The coni;inuous-recorad x5tho,d f o r  measuring s i d e s l i p  
c h a r a c t e r i s t i c s  i n  f l i & t  y i e lds  accurete  r e s u i t s  for 
c u r r e n t  f i g h t e r  Plrplanes i f  the r a t e  of yewing o r  r o l l i n g  
i s  n o t  r l lowed t o  exceed 1' -cjer sscofld; 1ow::r r a t e s  of 
yawing o r  r o l l i n g  are des i r sb l e  if the  cont inuous-s ides l ip  
technfqce i s  eny3loped i n  t e s t i n g  l s r g e r  a i rp l cnes  i n  
s i b e s l i u s .  G%en the  r e fa t fonsh i?  among the  vprious con- 
t r o l  f o r c e s  i n  s i d e s l i p s  i s  Foor ,  vfhn the  a i rp l ane  i s  
d i r e c t i o n a l l y  unstable ,  or when the  p i t c h i n g  niouiant due 
t o  s i d e s l i p  i s  unususlly l w g e ,  the  s teaay-record method 
f o r  determining s i d e s l i p  c h a r z c t e r f s t i c s  i s  ? r e f e r a b l e  
t o  t h e  cont,inuc.:is-record method. 

Langley Me=r,oi3ial A e r o n m t  i c a l  Labora.torp 
Mstional Advisory Committee f o r  Aeronautics 

Lengleg F i a l d ,  Va. 
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Fl- 2.- Comporlson of data obtained in continuous and 
steady .id..llp.. Current tighter-type airplane; n-1 
rated power; M l o a t e d  airspeed, 152 f 3 miles per hour; 
aititnde, approximstsly 5000 toot. 
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